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achieve defined goals. Moreover, a thorough risk analysis with contingency and mitigation 41 measures should be performed at each phase of a project to minimize the impact of project 42 failures. 43
Implications: 44
Due to increasing complexities of modern laboratories, clinical microbiologists should use 45 several management tools including project and change management to improve the outcome of 46 major projects and activities. 47 M A N U S C R I P T
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components of the project that are delayed or need to be started early and for which actions must 94 be taken to ensure a constant progression of the project in order to reach the objectives on time. 95
In theory, a project can be terminated at any phase if the objectives cannot be achieved on 96 time with the human, material and financial resources allocated for this project. Usually, the 97 decision taking to release a phase is under the decision of the project and core organization 98 (project steering committee). An example of project phases applied to laboratory automation is 99 depicted in figure 1. Hereafter, we will discuss several key aspects of project management listed 100 in the four phases that we estimate to be essential for the success of a large project such as 101 laboratory automation. In addition, we will discuss risk analysis, an additional key aspect of 102 project management that has to be considered throughout the entire project. 103
Initialization

104
During the initialization phase, an analysis of the situation is performed in particular by 105 defining general requirements, objectives, context, scope and risks. Various options are proposed 106 and one solution is chosen. A project charter and a project management plan are prepared and 107 submitted for approval to the core organization. Upon acceptance by the core organization (that 108 generally includes the project sponsor), the project is released to the next phase. 109
Project charter
110
A project charter needs to be established, usually during the initiation phase of a project, to 111 determine the different parameters of a project (table 1) . Usually, a project includes (1) name of 112 the project, (2) a context describing the origin, the history, the meaning and the reason for starting 113 a project (see below), (3) a project scope describing the partners and the needs, (4) the objectives 114 of the project including the expected overall final results and success criteria, (5) the phases ofM A N U S C R I P T
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the project which is a step wise description of the project evolution characterized by milestones 116 of decision taking, (6) a time limit of the project, (7) a risks analysis including mitigation and 117 contingency measures, (8) a description of the project organization, (9) a description of human 118 and material resources, (10) a budget and (11) the description of other linked project that may 119 influence the outcome of the current project. 120
The project charter represents a summary of the project proposal constituting the basis for an 121 agreement between the project core organization, the sponsor and the project manager. Upon 122 approval of a project charter by the core organization and sponsors, the project manager need to 123 prepare a project management plan that describes how to achieve the project goals. A project 124 management plan includes explanations and descriptions on how to manage, execute and control 125 the project including the different phases, tasks, activities, works, methods, human and financial 126 resources, responsibilities, organization, project time lines, project milestones, and indicators 127 measurements. The project plan represents a guide for all the partners involved in the project and 128 is usually continuously updated and adapted throughout the evolution of the project. 129
We will focus below on some critical parameters that require special attention due to their 130 importance throughout the project. 131
Context
132
The context has to define the global current status of the diagnostic laboratory with a 133 description including the environment, preliminary actions, link(s) with other projects, needs, 134 opportunities, challenges and partners. All these components of the laboratory will define the 135 requirements of a significant evolution of the laboratory that may be achieved throughout various 136 possible projects. The benefits and added value of the proposed project needs to be described. It 137 M A N U S C R I P T
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is necessary to provide significant data on the laboratory activities to illustrate the magnitude of 138 the problems requiring an evolution of the laboratory. The context will also represent the basis to 139 develop a business plan that will be required to obtain the funding for initiating a project. Several 140 contextual information of the laboratories of bacteriology and hygiene of the University Hospital 141 of Lausanne (CHUV) are provided below to illustrate the context of the automation project. As 142 many diagnostic laboratories, the laboratory of bacteriology of the CHUV is experiencing a 143 significant increase in sample volumes (each year of about 5-10%) with a limited number of 144 technician. The laboratory proceeded to a reorganization of its activities to optimize human 145 resources and introduced a first level of automation with the acquisition of an automated 146 inoculation system and of a MALDI-TOF for microbial identification. However, despite this new 147 tools and related reorganization, a significant workload increase and constant stress were still 148 observed due to increasing number of analysis per technician per day. Thus, an increased 149 productivity was further required either (1) by increasing the number of laboratory technician, (2) 150 by deeply modifying the laboratory organization and analytical portfolio and/or (3) by 151 introducing an automated solution allowing an increased productivity with the same number of 152 technicians. A laboratory workflow and activities analysis was performed. A reduction of 2.4 153 FTE (16.5% of 14.5 FTE) or a significant potential for increased activity was estimated based on 154 the expected gain in productivity conferred by laboratory automation [3] . In addition, the 155 construction of a new laboratory together with a planned consolidation of the laboratory of 156 bacteriology and hygiene would represent an additional opportunity for laboratory automation 157 which could represent a mutual platform allowing increased productivity for both laboratories. 158
Finally, the project of full laboratory automation was fully in line with the general goals of the 159 university hospital, which included an increased quality, a reduced TAT possibly allowing a 160 M A N U S C R I P T
shortening of hospitalization duration and an increased activity (increased number of samples per 161 year). 162
Project scope
163
The project scope has to define what and who belongs or not to the project. It has to list the 164 partners, the entities, and the area that will be part of the project and describe their needs if they 165 can be specified. For instance, a project of laboratory automation will include several partners 166 and entities including the laboratories of bacteriology and hygiene (workflow analysis, users, 167 description of the needs ), the laboratory department of the university hospital (sponsor, project 168 committee), biomedical engineers (technical analysis of the proposed systems), IT specialists 169 from the diagnostic laboratory and from the manufacturers (LIS connection and 170 parameterization), core organization (executive board, controlling and compliance bodies, project 171 management competence center, funding ..), and manufacturers (Lab automation specialists). 172
Objectives
173
It is common to say that the goals of a project must be SMART -specific, measurable, 174 assignable, realistic and time-based [4] . However, the SMART acronym does not have one single 175 specific meaning since different words definitions within the acronym have been used over time. 176
The project has to be well defined (specific), success criteria must be measurable with indicators 177 (table 1) to monitor the progression of the project and to find out when the goal will be achieved 178 (measurable), people belonging to the project have to be specified with a common agreement on 179 the goal of a project (assignable, agreed upon), results that can be realistically achieved with the 180 available human, financial and material resources must be stated (realistic, reasonable), and timeM A N U S C R I P T
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based to specify when the results will be achieved (time-based, enough time to achieve the goal 182 of a project but not too much time which could alter the expected performance). 183
For instance, success criteria of the project on full automation of the laboratory of 184 bacteriology and hygiene could include the following measurable indicators: percentage of total 185 samples inoculated automatically, percentage of total plates read by telebacteriology [3] , 186 percentage of total antibiotic susceptibility testing processed by the system, reliability of the 187 system, time to report identification as well as time to report antibiotic susceptibility testing and 188 technician working time per sample (productivity). The objectives should also define the 189 expected results (often named gain of the project) that can be measurable. In case of a diagnostic 190 laboratory, they could include several essential items such as decreased turn-around-time, 191 increased quality, increased productivity and decreased full time equivalent (table 1) . 192
Organization
193
The organization (hierarchy) involved in the project needs to be determined and should 194 comprise the core organization, the structure to which the project sponsor and users are affiliated, 195 and the project organization which is a temporary organization existing only from project 196 approval and closing. The project organization does not have to comply with the core 197 organization hierarchy, but has to describe the different roles involved in a project and its 198 different tasks, responsibilities and activities. As mentioned in change management, the project 199 organization should encompass a powerful guiding coalition to achieve a project successfully. project organization will also provide the basis to estimate the human resources that will be 209 required to achieve the project successfully. 210
Conception
211
The first major aspect is the characterization of the laboratory needs based on a detailed 212 analysis of its activity and organization. The activity has to be defined with multiple parameters 213 including inoculation and incubation protocols, samples/plates volumes and distribution (hourly, 214 daily, and weekly), samples growth trends, FTEs, media, containers and LIS specifications. 215
Secondly, a good knowledge on laboratory automation in bacteriology is required to understand 216 the systems and better characterized their advantages, requirements, limits and future evolutions 217 [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] . This can be achieved through contact with manufacturers and with users, factories 218 visits, literature and congress attendance. All these informations represent the backbone for a 219 thorough analysis of manufacturer's propositions and a smart choice of an automated solution. 220
These data will also assist the project manager and project steering committee to distinguish 221 between mandatory and optional needs, according to the budget of a project. Moreover, detailed 222 analysis and good knowledge of the automated systems are essentials to perform an optimal risk 223 analysis, since a failure of the project may be caused by an inadequate analysis of the laboratory 224 activities (under-or overestimation of the laboratory needs) or by a lack of knowledge of the 225 automated systems (wrong expectations). 226
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Implementation-Deployment
227
The product is chosen and detailed system, technical, laboratory and LIS specification can be 228 determined. The preparation of the installation of an automated system in the laboratories has to 229 be conducted, including (1) identification and allocation of human resources, (2) architectural and 230 technical adaptation of the premises, (3) planning of the organization of the routine laboratory 231 activities before, during and after installation which may require a temporal recruitment of 232 additional technicians, (4) specification of the connection of the automated system with the 233 laboratory LIS (LIS interface development), (5) set-up of the configuration of the automated 234 system and test of functionality at the factory facility, (6) training of the users with workshop 235 organized by the manufacturers and (7) Moreover, a complete training program of the staff prior to reception of the automated system 266 will help to decrease the anxiety due to the inexperience of using such a new tool. The aim is 267 clearly to arrange a transition from resistance to commitment to generate a teamwork that will 268 maximize the success of a project [15] . A poor change management may generate several 269 counterproductive issues such as staff resistance, no adaptation to automation, productivity andM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT quality loss, staff escape and conflicts escalation. In the worst case, a significant project failure or 271 interruption may be caused by a poor change management. 272
3
Risk analysis
273
The risk is part of a project because a project is by definition introducing a notion of novelty, 274
innovation not previously experienced. In addition, the size of the project with its level of 275 complexity (technical, organizational and human) will directly influence the risks. Thus a risk 276 analysis has to be conducted in every phases of a project. A methodology to analyze the risk has 277 to be implemented to identify, evaluate, address and manage the risks. Failure mode and effects 278 analysis (FMEA) methodology described the risk index (RI) = probability (P) x severity (S) x 279 detection (D) [16] . The probability describes the likelihood of occurrence of a failure, the severity 280 characterizes the impact of a failure and the detection describes how easy or difficult it is to 281 identify a failure. Thus, the higher the risk index the more attention should be addressed to the 282 activity impacted by the risk. Risk analysis tables can be used to identify, evaluate and address 283 the risks of a project (table 2) 
